To examine the influence of thyrotropin (TSH) on the thyroglobulin (Tgb) mRNA content, the latter was evaluated in the cytoplasm of hog thyroid cells cultured in the absence (control cells) or presence of TSH. The Tgb mRNA levels were determined by, (i) kinetics of hybridization to sheep Tgb cDNA, (ii) capacity of coding for peptides immunologically related to Tgb in reticulocyte lysate. In cells cultured for 4 days in the absence of TSH, the content of Tgb mRNA sequences decreased to 30 % of its initial value and the messenger activity to 15 %. Conversely, TSH maintained the initial Tgb mRNA level in cells cultured in its presence, and TSH concentrations 50 uU/ml or 5 mU/ml gave indentical results. At each period tested poly (A) content was the same in TSH-treated and control cells. When TSH was added to media after 4 or 8 days culture without TSH, the Tgb mRNA level was partially restored. These results suggest that TSH exerts a positive control on Tgb gene expression through modulation of Tgb mRNA content of thyroid cells.
INTRODUCTION
The mechanisms of hormonal regulation of gene expression have been extensively investigated. In the case of steroid hormones, it is generally accepted that steroid-receptor complexes interact with chromatin to control gene expression (I, 2). Steroid hormones also affect the translation (3) and stability (4, 5) of specific mRNA molecules. It has recently been demonstrated that polypeptide or protein hormones are able to induce or modulate the accumulation of specific mRNA species (6-11) e.g. casein mRNA by prolactin (6, 7), a2U globulin mRNA by growth hormone in association with other hormones (8) , albumin mRNA by growth hormone (9) and insulin (10) , and phosphoenolpyruvate carboxy kinase mRNA by glucagon (11) . The initial step in polypeptide hormone action is the interaction with specific receptors on the plasma membrane of target cells and the subsequent modulation of intracellular concentration of messengers (e.g. cAMP, cGMP, Ca ++ etc...).
Their mode of action on gene expression at transcriptional and translational levels is still unknown. Such action might involve mediation by intracellular regulatory molecules. A possible participation of the internalized hormone molecules (12) cannot be ruled out. The present study constitutes an additionnal example of protein hormone control on specific mRNA accumulation. Evidence for stimulatory action of the glycoprotein hormone thyrotropin (TSH) on thyroid protein and RNA synthesis has been reported in several laboratories. Hyperstimulation by TSH, in vitro (13, 14) or in vivo (15) , resulted in a general increase in protein synthesis first, through stimulation of translation (13, 14, 16) and later through increased RNA synthesis (14, 17) . Scheinman et al (18) recently found that in rat thyroids incubated with TSH the relative amount of ornithine decarboxylase was specifically increased.
In the normal thyroid, synthesis of thyroglobulin (Tgb) represents 40-60 % of the total protein synthesis (15, 19) . Nevertheless, in hyperstimulation experiments, neither Tgb synthesis (15) nor Tgb mRNA content (20) were found specifically increased. Conversely, in the thyroid of hypophysectomized Xenopus (19) , or rat (15, 21) as well as in rat thyroid explants (22, 23) , incorporation of labeled aminoacids into Tgb was preferentially diminished. Also, in the course of Xenopus metamorphosis, under stimulation by endogenous TSH, relative Tgb synthesis increases from 10 to 60 % (19) . These results suggested that there is a specific regulation by TSH of the overall Tgb gene expression which does not appear in hyperstimulation experiments; but information is lacking on the level at which regulation operates. Accordingly, in this study we investigated the influence of TSH deprivation, or chronic stimulation on the Tgb mRNA cellular content. We have previously characterized and purified ovine Tgb mRNA (24, 25) . The 33 S mRNA has been used as a template for synthesis of a specific Tgb complementary DNA probe (TgjcDNA), (26) . In the present study, the Tgb mRNA was quantitatively evaluated in the cytoplasmic RNA extracted from isolated porcine thyroid cells cultured without (control cells) or with TSH (27) , by its capacity to code for Tgb peptide chains in reticulocyte lysate and to hybridize to the Tgb cDNA. In primary culture TSH-treated cells reassociate into follicle-like structures, are able to concentrate and organify iodide and can respond to acute TSH stimulation by adenylate cyclase activation (27, 28) . Control cells reorganize into epithelial structures in which cell polarity is inverted (27) . Such cells lose their capacity to concentrate and organify iodide and have a decreased cAMP response to TSH stimulation (27, 28) . In TSH deprived cells the relative Tgb mRNA level was found to decrease to 20 % of its initial value after 15 days in culture, whereas the Tgb mRNA level was preserved in cells treated with TSH immediately after their isolation. When TSH was added to control cells several days after isolation the TgbmRNA decrease was arrested and initial TgbmRNA level was partially restored.
MATERIALS AND METHODS
-Porcine thyroid cells were isolated by a discontinuous trypsin-EGTA treatment (50) . Cells were cultured as unstirred suspension in untreated polystyrene dishes in Eagle's medium containing 10 % new born calf serum or 10 % horse serum for periods up to 15 days. Media were changed every four days. Cells were eventually attached in tissue culture treated Falcon flasks. Cells were incubated in the presence (TSH-treated cells) or absence (control cells) of thyrotropin (0.05 to 5 mU/ml) at 37° C in a 5 % C02, 95 % air in a water saturated atmosphere. were homogenized in high salt buffer containing 2 % Triton X-100 (HSB) and polysomes were precipitated from the 27 000 x g supernatant by magnesium treatment (24) . RNA was extracted from the polysome pellets by guanidinium chloride (26, 29 ovine Tgb mRNA purification, synthesis of its DNA copy (Tgb cDNA) and hybridization procedures will be published elsewhere (26) . Briefly, ovine Tgb mRNA was isolated from polysomal RNA by two passages through oligo (dT)-cellulose and purified on the basis of its size by centrifugation on a sucrose gradient.
The purified 33 S mRNA was used as a template for synthesis of |_ (36) in the presence of 3H-labeled leucine (100 Ci/mmole -Amersham) > 5 yCi/assay (25) . Total radioactivity in peptide linkage was determined on an aliquot by hot TCA precipitation,Tgb radioactivity was immunoprecipitated under previously described conditions (25) by antiovine-or antiporcine Tgb antibodies.
RESULTS
DNA and_RNA_content_in_TSH-treated_and_control_cells -DNA content was measured in samples of a known number of freshly isolated porcine thyroid cells and was found to be 7.5 pg per cell (at least 8 determinations were made in each of 4 isolation experiments). The RNA to DNA ratio was measured on day 0 and after 4 and 8 days of culture. This ratio varied from 0.9 to 1.1 in freshly isolated cells and was maintained at this level in TSHtreated cells. The ratio decreased in control cells to reach approximately 80-85 % of its initial value at day 4 and 60-70 % at day 8. In the studies reported below the cytoplasmic RNA was extracted by guanidinium-Cl and then washed with 3 M sodium acetate. In both TSH and control cells the RNA yield represented 60-65 % of total cell RNA. for porcine than for ovine polysomal RNA (Fig. 2) . The slower rate of hybridization is probably related to the mismatching of the ovine cDNA-porcine RNA hybrids relative to ovine cDNA-RNA hybrids, whose melting temperatures have been found to be respectively 85° C and 93° C (Fig. 3) . Therefore the difference in Rot I values probably does not reflect an actual difference in Tgb 2 mRNA concentration. In fact, the relative Tgb synthesis in a cell free system programmed by porcine thyroid polysomal RNA was only 1 .3 times lower than that programmed by ovine thyroid polysomal RNA (Table I) . Total cytoplasmic RNA from freshly isolated porcine thyroid cells hybridized about 5 times slower than porcine polysomal RNA (Fig. 2) . The Tgb template activity was 4-5 times lower in total cytoplasmic RNA from porcine cells than in porcine polysomal RNA (Table I) and ovine thyroid polysomal RNA (A -A) to ovine Tgb cDNA was achieved at 65° C and denaturation realized by step temperature increases as described in Methods. Percentage of hybridization obtained at 65° C was used as 100 % value. mRNA content relative to cytoplasmic RNA was lower in control cells - (Fig.4) .
The Black symbols refer to RNA from cells cultured for 15 days in presence of hydrocortisone (1 ug/ml). TSH concentration was 5 mU/ml in this experiment.
assays (Fig. 5B) . The Tgb messenger activity in reticulocyte lysate of the RNA from control cells maintained for 40 h in culture (D2) was decreased to 15-20 % of its initial level. After this delay no appreciable decrease occured for up to 15 days; during the same period the Tgb messenger activity in TSH-treated cells was stabilized at its original level or was slightly increased (Fig. 5 B) .
Based on the kinetics of molecular hybridization of cytoplasmic RNA to Tgb [3H"]CDNA, the Tgb mRNA content in thyroid cells cultured without TSH fell to 30 % of its initial value within 4 days. Based on the Tgb messenger activity in a heterologous cell-free system the mRNA content was reduced to 15 % by 4 days. The translational activity thus declined more rapidly than the number of hybridizable sequences. This suggests that control cell RNA contains a lower proportion of functional Tgb mRNA molecule than TSH-treated cell RNA.
When cells were exposed for 1 to 6 days to 5 mU/ml TSH, or to 50 uu7ml TSH, the latter dose being near physiological levels (10 pU/ml), it was observed that 50 pU/ml was sufficient to maintain TgjmRNA at its maximal level as evidenced by both hybridization and translation activities (Fig. 6 and Table II to Tgb cDNA about 1.5 times faster than the RNA of control cells at day 4
( Fig. 7 A) . In contrast, the RNA from corresponding cells withoutTSH treatment ff>8 control cells) hybridized 1.3 fold slower than the RNA of D4 control cells. After 4 days of TSH treatment, the cell RNA contained 2.8 times more
TgjmRNA than the corresponding D8 control cells. When TSH was added to control cells at day 8, Tgb mRNA content at day 13 was doubled relative to in that control cells at D]3.Tgb messenger activity was increased 3 fold when TSH was added at day 4 (Fig. 7B) . Tgb messenger activity increased to a lower extent when TSH was added only at day 8. Thus the treatment by TSH not only stopped the Tgb mRNA decrease occuring in control cells but also induced an increase in its steady-state level above that level observed before TSH 12 4 TIME IN CULTURE (O&S) processes slow down (39) . In the same way, insulin or growth hormone deprivation was able to induce only a 50 % or 70 % decrease, respectively, in albumin mRNA in rat liver (9, 10) . Such modulation cannot be compared to larger variations observed in differentiation events in the course of embryologic development (40) or under the influence of hormones (41) .
The specific decrease of the Tgb mRNA relative to other messengers is in keeping with, and might provide a molecular explanation of observations according to which incorporation of labeled aminoacids into Tgb is preferentially decreased relative to other proteins, in TSH deprivation experiments (15, 19, 21) . However these results are at variance with previous observations that the total amount of Tgb formed by cultured porcine thyroid cells is not dependent on the presence of TSH in the culture medium (42) . It is possible that the overall regulation of Tgb synthesis and Tgb content involves several control steps, not only in the mRNA content, but also on mRNA translation and on Tgb degradation processes. Analysis of the protein synthesizing machinery in the experimental system of cultured thyroid cells is currently in progress.
The relative thyroglobulin mRNA content was fully maintained in cells treated with 50 pU/ml TSH from the onset of culturing. TSH concentrations, up to 100 times higher, did not further increase the thyroglobulin mRNA level.
This is in agreement with previous observations that 50 yU/ml TSH preserve most tissue-specific functions of the thyroid cell, although this concentration does not promote an acute increase in basal cAMP synthesis over that of control cells (43) . Higher TSH doses raise cAMP synthesis without further stimulating iodide organification (27) . This is also in agreement with the observation that in the thyroids of rats treated by propylthiouracil, which produces hypersecretion of TSH, the relative Tgb mRNA content was not changed (20) . In the present study, TSH added to control cells after 4-8 days of culture stopped the Tgb mRNA decay and within 4-5 days raised the relative Tgb mRNA sequence content by 1.5 to 2 fold and the Tgb mRNA activity by 2-3 fold compared to levels before TSH addition. This occurs despite the apparent 70 Z loss at day 4 of plasma membrane TSH receptors in control cells (44) .
Furthermore, control cells at D4 are no longer able to organify iodide and this property cannot be restored in a simple way by TSH addition (unpublished observation). Nevertheless, control cells still display low activation of adenylate cyclase under acute TSH stimulation (43) and our experiments demonstrate that control cells are still responsive to TSH, regarding a longterm effect of the hormone. The specific decrease of Tgb mRNA content in the absence of TSH and its accumulation in cell cytoplasm under chronic TSH stimulation following deprivation raise questions as to the levels at which regulation operates (i.e.transcription, mRNA processing and transfer, degradation) and the mechanisms of such regulation in the thyroid cell. Particularly , the role of cAMP and cAMP-dependent protein kinases could be examined at the nuclear and cytoplasmi*. level (13, 14, (45) (46) 49) . In addition, possible effects of TSH on ionic fluxes by alterations of membrane properties as postulated for other hormones (46, 47, 48) and (or) the hypothetical effects of internalized hormone molecules (12) should be taken in account.
